Multibands Tunneling in AAA-Stacked Trilayer Graphene by Redouani, Ilham et al.
ar
X
iv
:1
61
0.
09
07
8v
1 
 [c
on
d-
ma
t.m
es
-h
all
]  
28
 O
ct 
20
16
Multibands Tunneling in AAA-Stacked Trilayer Graphene
Ilham Redouani
a, Ahmed Jellal∗a,b, Abdelhadi Bahaouia and Hocine Bahloulib,c
aTheoretical Physics Group, Faculty of Sciences, Choua¨ıb Doukkali University,
PO Box 20, 24000 El Jadida, Morocco
bSaudi Center for Theoretical Physics, Dhahran, Saudi Arabia
cPhysics Department, King Fahd University of Petroleum & Minerals,
Dhahran 31261, Saudi Arabia
Abstract
We study the electronic transport through np and npn junctions for AAA-stacked trilayer
graphene. Two kinds of gates are considered where the first is a single gate and the second is
a double gate. After obtaining the solutions for the energy spectrum, we use the transfer matrix
method to determine the three transmission probabilities for each individual cone τ = 0,±1. We
show that the quasiparticles in AAA-stacked trilayer graphene are not only chiral but also labeled
by an additional cone index τ . The obtained bands are composed of three Dirac cones that depend
on the chirality indexes. We show that there is perfect transmission for normal or near normal
incidence, which is a manifestation of the Klein tunneling effect. We analyze also the correspond-
ing total conductance, which is defined as the sum of the conductance channels in each individual
cone. Our results are numerically discussed and compared with those obtained for ABA- and
ABC-stacked trilayer graphene.
PACS numbers: 72.80.Vp, 73.21.-b, 71.10.Pm, 03.65.Pm
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1 Introduction
During the last decade, the physics of single layer graphene and stacks of graphene layers has emerged
as a fertile research area [1–3]. This is due to its unusual electronic properties, that may be useful in
the design of new electronic devices [4–6]. Among them, we cite the linear dispersion relation of a single
graphene layer, manifestation of the Klein tunneling, [2,3], chiral parabolic bands in bilayers [7] and the
possibility of confining charge to the surface in systems with a multilayer graphene [8]. Furthermore,
it has been observed in different works [9–17] that the properties of multilayer graphene materials
depend on their stacking order and the number of layers. Most of these works have been devoted to
the few-layer graphene materials with Bernal (ABA) and rhombohedral (ABC) stacking order [18,19].
For the rhombohedral form, the Klein tunneling depends on the staking order [20, 21] and is absent
for the Bernal stacking.
Recently a new stable multilayer graphene with AAA-stacking order has been experimentally
realized [22]. In such system, each sublattice in the top layer is located directly above the same one in
the bottom layer. Due to this staking order, the AA-stacked bilayer graphene (BLG) has a special low
energy band structure. It is just the double copies of single layer graphene bands shifted up/down by
the interlayer coupling γ = 0.2 eV [23] and is also different from that corresponding to the AB-stacked
BLG. Due to this special band structure, the AA-stacked BLG shows many interesting properties
which are different from that of single layer and also not been observed in the other graphene-based
materials [23–28].
There has been a growing interest in the study of the tunneling problem of charge carriers in trilayer
graphene systems including ABA- and ABC-stacked trilayer graphene (TLG) [18,19]. In the present
work, we consider the AAA-stacked TLG as schematically shown in Figure 1(a), which is composed of
three single layers, each sublattice in a top layer is located directly above the same one in the bottom
layer. The unit cell of an AAA-stacked consists of 6 inequivalent carbon atoms with two atoms for
each layer. We study the electronic transport through np and npn junctions for AAA-stacked TLG
where two kinds of gates will be considered such that the first causes an equal potential shift V for all
three layers and the second induces an interlayer potential difference δ between neighboring layers. We
show that the quasiparticles in AAA-stacked TLG are not only chiral but also labeled by an additional
cone index τ . We obtain band structures that are composed of three Dirac cones and depending on
the cone indexes and the chirality indexes. Our theoretical model is based on the well established tight
binding Hamiltonian [29]. The single and double gates act as a boundary for which we calculate the
three transmission probabilities as function of the angle of incidence and Fermi energy of the incident
electron for different configurations of the devices. Subsequently, we numerically evaluate the total
conductance and underline the basic features of our system.
The rest of the paper is organized as follows. In section 2, we formulate our model by setting the
Hamiltonian system used to describe AAA-stacked TLG. We explore the mirror reflection symmetry
of the lattice in the plane of its central layer to determine the solutions of the energy spectrum in each
layer (τ = −1, 0, 1). Later on, we present the formalism, indicate the different propagating modes,
define the four different cases for transmission for the six-band model and explain only the three
possible transmission probabilities. In section 3, using the transfer matrix at boundaries together
with the incident, transmitted and reflected currents we end up with three transmission probabilities.
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Next, we numerically discuss the obtained transmissions for each individual cones (τ = 0,±1) for
np and npn junctions to underline the behavior of our system. In section 4, we show the numerical
results for the conductance and investigate the contribution of each transmission channel. Finally, we
conclude our work and emphasize our main results.
2 Tight binding formalism
We consider a system consisting of three layers of graphene having the AAA-stacking structure. The
unit cell consists of six atoms labeled A1, B1 in the top layer, A2, B2 in the central layer and A3,
B3 in the bottom layer as depicted in Figure 1(a). Each carbon atom of the bottom (center) layer is
located above the corresponding atom of the center (top) layer, respectively and they are bound by
an interlayer coupling energy γ = 0.2 eV . For the considered system, we define two different potential
profiles where the first causes a potential shift V equal for all three layers and the second one induces
an interlayer potential difference δ between neighboring layers.
The Dirac fermions are scattered by an np junction and an npn junction along the x -direction.
Therefore, the charge carriers in AAA-stacked trilayer is described by the following six-band Hamil-
tonian
H(AAA) =


(V + δ)I2 + vF
−→σ · −→p γI2 0
γI2 V I2 + vF
−→σ · −→p γI2
0 γI2 (V − δ)I2 + vF−→σ · −→p

. (1)
The eigenstates of H(AAA) are the six component spinors Ψ(x, y) = (Ψ1, Ψ2, Ψ3)
T , where Ψ1,2,3 =(
ΨA1,2,3 ,ΨB1,2,3
)T
are the envelope functions associated with the probability amplitudes of the wave
functions on the A1,2,3 and B1,2,3 sublattices of the three layers. In (1),
−→σ = (σx, σy) is a vector
of Pauli matrices, vF is the Fermi velocity in monolayer graphene,
−→p = (px, py) is the momentum,
V is a general potential term, δ corresponds to an externally induced interlayer potential difference
and γ describes the interlayer hopping parameter. Exploiting mirror reflection symmetric of the
lattice in the plane of its central layer, we perform a unitary transformation to a basis of the spinor
components by combining the atomic wave functions ΨA1 with ΨA3 and ΨB1 with ΨB3 . This operation
transforms Ψ(x, y) to Ψ(x, y) = (Ψ+,Ψ2,Ψ
−)T , where Ψ± =
(
Ψ±A,Ψ
±
B
)T
, Ψ±A = (ΨA1 ±ΨA3) /
√
2 and
Ψ±B = (ΨB1 ±ΨB3) /
√
2. With this, the Hamiltonian (1) is transformed into
H
′
(AAA) =


V I2 + vF
−→σ · −→p √2γI2 δI2√
2γI2 V I2 + vF
−→σ · −→p 0
δI2 0 V I2 + vF
−→σ · −→p

 . (2)
The above form of the Hamiltonian consists of a 2 × 2 monolayer-like (bottom, right) and a 4 × 4
bilayer-like (top, left) blocks that are connected by the parts responsible for the interlayer potential
difference δ. The two blocks result in a superimposed linear from the monolayer and bilayer spectrum
near the Dirac point as shown in 2. In that case, electrons propagating in AAA-stacked TLG can
propagate through two different modes, one monolayer-like and one AA-stacked bilayer-like mode.
As long as the mirror symmetry remains intact, both modes will not interact and scattering between
them is prohibited. Here we shall study the problem of the tunneling of electron through a np junction
2
Figure 1: (a): Schematic representation of the lattice structure of the AAA-stacked trilayer graphene with
(A,B) atoms within the same layer and γ is the interlayer hopping energy. (b): Diagram for the np junction
of height Vnp(x). (c): Diagram for the npn junction of height Vnpn(x) and width d.
(Figure 1(b)) and npn junction (Figure 1(c))
Vnp(x) =
{
V I2 +∆ if x > 0
0 if x < 0
, Vnpn(x) =
{
V I2 +∆ if 0 < x < d
0 if x < 0, x > d
(3)
where V is the height of the potential, which corresponds to the single gate term, and the parameter
∆ = diag{δ, δ, 0, 0,−δ,−δ} describes the effect of a double gate. The potential is V for the center
layer and V ± δ for the top and bottom layers.
To proceed further, let us set the length scale η = ~vFγ ≈ 3.29 nm as well as employ the dimension-
less quantities to simplify the notation such that the energy terms can be parameterized by interlayer
coupling γ, then E −→ Eγ , V −→ Vγ , ∆ −→ ∆γ , ky −→ ηky and x −→ xη . The system is infinite along
the y-direction so that [H
′
(AAA), py] = 0 and hence we can write Ψ(x, y) = e
ikyyψ(x). The Hamiltonian
(2) used together with the spinor Ψ(x) in the eigenvalue equation H
′
(AAA)Ψ(x) = EΨ(x) to get six
linear differential equations of the from
−i(∂x + ky)ψ+B +
√
2ψA2 = (E − V )ψ+A − δψ−A (4a)
−i(∂x − ky)ψ+A +
√
2ψB2 = (E − V )ψ+B − δψ−B (4b)
−i(∂x + ky)ψB2 +
√
2ψ+A = (E − V )ψA2 (4c)
−i(∂x − ky)ψA2 +
√
2ψ+B = (E − V )ψB2 (4d)
−i(∂x + ky)ψ−B = (E − V )ψ−A − δψ+A (4e)
−i (∂x − ky)ψ−A = (E − V )ψ−B − δψ+B . (4f)
Combining the above equations by eliminating the unknowns one at time to end up with the second
order differential equation [
∂2x + (k
τ
x)
2
]
ψ+B(x) = 0 (5)
where the wave vectors along the x -direction are defined by
kτx =
√
−k2y +
(
E − V − τ
√
δ2 + 2
)2
. (6)
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This form of the wave vectors consists of monolayer-like (k0x) and AA-stacked bilayer-like (k
±
x ), where
τ is the cone index such that τ = 0 for the center cone and τ = −1 (τ = +1) for the bottom (top)
cone. The energy bands corresponding to the wave vectors kτx read as
Es,τ = V + τ
√
δ2 + 2 + s
√
(kτx)
2 + (ky)2. (7)
The energy eigenvalues outside the barrier are then given by
Es0,τ = τ
√
2 + s0
√
(kτx0)
2 + (ky)2. (8)
Here s and s0 are the chirality indexes of a quasiparticle in the barrier and outside the barrier regions,
respectively. Here s = +1 (or s0 = +1) and s = −1 (or s0 = −1) for electron-like and hole-like
particles, respectively. The wave vector kx0 corresponding to this energy band E
s0,τ is given by
kτx0 =
√
−k2y + (η)−2
(
E − τ√2)2.
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Figure 2: The six energy eigenvalues inside and outside the barrier regions as function of the momentum
ky. The red, green and blue lines correspond to cone indexes τ = −1, 0, 1, respectively, with V = δ = 0.
(a): V = 1γ and δ = 0 (dashed lines). (b): V = 0 and δ = 2γ (dashed lines).
Plot of the energy bands inside and outside the barrier regions, as defined in (7) and (8), as a
function of the momentum ky are shown in Figure 2. In this Figure, τ = −1 (red line) correspond
to the bottom cone, τ = 0 (green line) for the center cone and τ = 1 (blue line) for the top cone.
Whereas, the energy bands, for δ = 0, of the AAA-stacked trilayer graphene are linear and just like
three copies of the monolayer band structure, where the two bands (τ = ±1) are shifted up and down
by
√
2γ (see Figure 2(a)). We notice that the existence of three Dirac points located at E = V +τ
√
2γ,
with τ = 0,±1, and two among them (τ = ±1) are shifted either by √2γ or by −√2γ. In addition, by
increasing the potential height V , the energy bands are shifted upwards also by V . To see the effect
of the interlayer potential difference δ, we plot the energy bands for δ = 2γ and V = 0 in Figure 2(b).
When δ 6= 0, one of the two Dirac points (τ = ±1) is shifted by γ′ =
√
δ2 +
(√
2γ
)2
and the other
by −γ′ , while the third one (τ = 0) remained in the same position. The effect of δ can also be taken
into account by a renormalization of the interlayer hopping energy of AAA-stacked trilayer graphene,√
2γ, to a new interlayer potential difference dependent hopping energy, γ
′
.
Figure 3 presents the band structure of AAA-stacked trilayer for single and double gates. In the
incident region, the electron states can be subdivided into two regimes. The first one (I) (E <
√
2γ)
4
Figure 3: Schematic representation of the band structures of electrons (holes) outside (inside) the barrier
regions. (a): for the np junction with finite gap. (b): for the barriers structure or npn junction.
where τ = +1 the electron is hole-like particle, while where τ = 0,−1 the electrons are electron-like
particle. The second one (II) (E >
√
2γ) where for τ = 0,±1 the electrons are electron-like. However,
inside the barrier region, the holes can also have two chiralities as denoted by regimes (III) and (IV).
Note that we have nine transmissions that are related to the band structures in the np or npn junctions.
In addition, we notice that for the intra-cone transitions (i.e. τ −→ τ processes), there exist four cases
for transitions across the np junction (Figure 3 (a)): (1) electron in regime I −→ hole in regime III,
(2) electron in regime I −→ hole in regime IV, (3) electron in regime II −→ hole in regime III, and
(4) electron in regime II −→ hole in regime IV. For the npn junction (Figure 3 (b)): (1) electron in
regime I −→ electron in regime I, (2) electron in regime I −→ electron in regime II, (3) electron in
regime II −→ electron in regime I, and (4) electron in regime II −→ electron in regime II. However,
all inter-cone transitions (i.e. τ → −τ processes) are strictly forbidden due to the orthogonality of
electron wave functions with a different cone indexes [30]. As already mentioned above, the transitions
depend on the incident and transmission regions, so they depend on the presence or absence of the
band gap induced by the single or double gates. For each of the four transitions cases the transmission
can be calculated using the same method. The cone index τ is introduced while the chirality s of the
massless Dirac quasiparticles is not necessarily conserved during a transition state [30].
3 Transmission probabilities
Next we shall show in detail the calculation of the transmission probabilities. The transfer-matrix
method together with appropriate boundary conditions was implemented for electrons across the np
and npn junctions in our system. We notice that for AAA-stacked trilayer graphene, in the six band
model, we have six reflection and six transmission channels [18]. Since, for AAA-stacked trilayer
graphene, all inter-cone transitions (τ −→ −τ) are strictly forbidden, then only three transmissions
(τ −→ τ) are possible, one of monolayer-like and the two others of bilayer-like. Thus, we can reduce
the six-band model to the following two-band model of monolayer-like (τ = 0) and four-band model
of AA-stacked bilayer-like (τ = ±1). The plane-wave solutions for the Schro¨dinger equation can be
represented by
ψ0j = L
0
j ·A0j , ψ±1j = Lj ·Aj (9)
where L0j and Lj are defined by
L0j =
(
sje
−iφ0
j e
ik0xjx −sjeiφ
0
j e
−ik0xjx
e
ik0xjx e
−ik0xjx
)
(10)
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Lj =


sje
−iφ+
j e
ik+xjx −sjeiφ
+
j e
−ik+xjx sje
−iφ−
j e
ik−xjx −sjeiφ
−
j e
−ik−xjx
e
ik+xjx e
−ik+xjx eik
−
xj
x
e
−ik−xjx
sj
√
2√
δ2+2
e−iφ
+
j eik
+
xj
x − sj
√
2√
δ2+2
eiφ
+
j e−ik
+
xj
x − sj
√
2√
δ2+2
e−iφ
−
j eik
−
xj
x sj
√
2√
δ2+2
eiφ
−
j e−ik
−
xj
x
√
2√
δ2+2
e
ik+xjx
√
2√
δ2+2
e
−ik+xjx −
√
2√
δ2+2
e
ik−xjx −
√
2√
δ2+2
e
−ik−xjx

 . (11)
The index j denotes each potential region, j = 0 for the incident region, j = 1 for the potential barrier
region and j = 2 for the transmission region, φτj = arctan (ky/k
τ
xj ) are the phase, A
0
j and Aj are defined
by A01 = (α0, β0)
T and A1 = (α+, β+, α−, β−)T . We are interested in the normalization coefficients,
the components of A00 and A0, on both sides of the np and npn junction structure. In other words
in the incident region we have A00 = (1, r0)
T and A0 = (1, r+, 1, r−)T and in the transmission region
we have A02 = (t0, 0)
T and A2 = (t+, 0, t−, 0)T , where rτ and tτ are the reflection and transmission
coefficients of each cone (τ = 0,±1), respectively.
We need to match the wave functions at the boundaries between different regions. This procedure
is most conveniently expressed in the transfer matrix formalism [31]. After a straightforward algebra
we get the transfer matrix for np and npn junctions
M0np = (L
0
0)
−1[x = 0] · L01[x = 0] (12)
M0npn = (L
0
0)
−1[x = 0] · L01[x = 0] · (L02)−1[x = d] · L02[x = d] (13)
Mnp = L
−1
0 [x = 0] · L1[x = 0] (14)
Mnpn = L
−1
0 [x = 0] · L1[x = 0] · L−11 [x = d] · L2[x = d]. (15)
Here L0 = L2 is determined by (10) and (11) at V = δ = 0. Consequently, we have three channels for
the transmission probability in each individual cone (τ = 0,±1) for np and npn junctions.
3.1 np junction
The transmission probabilities for the intracone transitions with different cone index (i.e. τ −→
−τ processes) is zero [30]. This can be understood by considering the step potential as a sharp
perturbation. While for the intercone transitions with the same cone index (i.e. τ −→ τ processes)
we have three transitions given by
T+np =
1
(Mnp[1, 1])
2 (16)
T−np =
1
(Mnp[3, 3])
2 (17)
T 0np =
1(
M0np[1, 1]
)2 (18)
where Mnp[1, 1] and Mnp[3, 3] are the elements of the transfer matrix Mnp given above.
We first consider the case of np junction with δ = 0. In Figure 4, we present the contour plot of the
three transmissions: one of monolayer-like (T 0) and two of AA-stacked bilayer-like (T±), as a function
of the incident angle and its energy, with physical parameters V = 3γ and δ = 0. We can clearly see
that the three transmission (T τ ) exhibits a maximum (perfect transmission) for E = V2 + τ
√
2γ [30]
and for normal incidence φτ −→ 0, as predicted [32] and observed experimentally [33,34]. The major
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Figure 4: Contour plot of the three transmission probabilities as function of the incident angle for np
junction, with physical parameters: V = 3γ and δ = 0.
difference between the monolayer-like (T 0) and AA-stacked bilayer-like (T±) is that the monolayer-like
is only described by pseudospin, while the bilayer-like is described by an additional cone index, i.e.
τ . In addition, the chirality of electron in the incident region (τ = 0,±) is always s0 = +1, while for
the hole in transmission region it can be s = ±1. For s = +1 we have the usual refraction and for
s = −1 the electron transmission is equivalent to the optical case of negative refraction. We recall
that for AA-stacked bilayer-like (T±) the band structure is composed of two Dirac cones shifted by
τ
√
2γ, one can clearly see that the transmission for both cones (T±), has the same form as that in the
case of monolayer-like (T 0). We observe also that the three transmissions curves (T τ ) are symmetrical
with respect to the normal incidence and the three Dirac points are located at E = V + τ
√
2γ, with
τ = 0,±1.
3.2 npn junction
Now, we use (12) to explore the electronic transport properties through an npn junction based on the
AAA-stacked trilayer graphene. The three transmissions are defined by
T+npn =
1
(Mnpn[1, 1])
2 (19)
T−npn =
1
(Mnpn[3, 3])
2 (20)
T 0npn =
1(
M0npn[1, 1]
)2 . (21)
In the following calculation, we start with an npn junction in the absence of double gates. In Figure
5, we show the density plot of the three transmissions (T τ ) as a function of the incident angle (φτ ) and
its energy for both cones with physical parameters: d = 25nm, V = 3γ, and δ = 0. The different colors
from blue to orange correspond to different values of the transmission from 0 to 1. It is important
to note that in the case of AAA-stacked trilayer graphene the band structure is composed of three
copies of the monolayer band structure [35]. One of them (τ = 1) is shifted by
√
2γ and the other
(τ = −1) by −√2γ, while the third one (τ = 0) remains in the center. Then we end up with three
Dirac points located at E = V + τ
√
2γ, with τ = 0, ±1. For the transmission T 0 of the center layer
7
Figure 5: Density plot of the three transmission probabilities as a function of the incident angle and its
energy for a single barrier with a single gate (δ = 0), with physical parameters: d = 25nm, V = 3γ, and
δ = 0.
the Dirac points correspond to E = V , for the top layer T+ correspond to E = V +
√
2γ and the
bottom layer T− correspond to E = V −√2γ. In the case of AA-stacked bilayer-like, for both cones
(τ = ±1), it has the same form as that in the case of monolayer-like (τ = 0). However, for AA-stacked
bilayer-like graphene both the electrons and holes have the same chirality index s = ±1 while in the
case of monolayer-like graphene the electron has always s = +1 and s = −1 for the hole. We can see
from T τ that there is a perfect transmission for normal or near normal incidence (φτ −→ 0), which
is a manifestation of the Klein tunneling [32]. These results were also found in the case of monolayer
graphene and AA-stacked bilayer graphene. Moreover, we find that the single gate (δ = 0) behavior
in AAA-stacked trilayer graphene is a superposition of monolayer-like and bilayer-like systems, which
are similar to those obtained for ABA-stacked trilayer graphene [18].
Figure 6: Density plot of the three transmission probabilities in AA-stacked bilayer-like as a function of
the incident angle and its energy for single barrier with double gate (δ = 2γ), and physical parameters:
d = 25nm and V = 3γ.
Now, we will turn to the discussions of the influence of the interlayer potential difference δ on the
three transmissions T τ . We show the density plot of the three transmissions as function of the incident
angle and its energy in Figure 6 with V = 3γ, d = 25nm and δ = 2γ. We notice that two Dirac points
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(τ = ±1) are shifted by γ′ =
√
δ2 +
(√
2γ
)2
and the other by −γ′ and the third one τ = 0 remains in
the same position (see Figure 5). These cases do not exist in the AA-stacked bilayer graphene [30], but
in the presence of δ we have a transmission gap around the Dirac point. As already mentioned above,
we have perfect transmission, which is a manifestation of Klein tunneling effect. However, in the case
of AAA-stacked trilayer graphene, the effects of δ can be taken into account by a renormalization of
the interlayer hopping energy,
√
2γ, to a new interlayer potential difference dependent hopping energy,
γ
′
=
√
δ2 +
(√
2γ
)2
. We notice that in the case AA-stacked bilayer graphene [30], for δ 6= 0, the Klein
tunneling effect is suppressed. Also, we find that the single and double gate behavior in the case of
AAA-stacked trilayer graphene is a superposition of monolayer-like and bilayer-like systems. This is
not the case for ABA-stacked trilayer graphene, where the double gate mixes both types of bands and
breaks the angular symmetry with respect to normal incidence [18].
4 Conductance
The conductance through npn junction can be expressed in terms of the transmission probabilities
established before. We will see how the three conductance Gτ of each cone channel (τ = 0,±1) will
behave. For this purpose, we evaluate Gτ by using the Landauer-Bu¨ttiker formula [36]
Gτ = G0
∫ pi/2
0
T τ (E,φτ0) cosφ
τ
0dφ
τ
0 (22)
where the unit conductance is given by
G0 = NLykF e
2/hpi (23)
and the factor N = 4 is due to the spin and valley degeneracy, Ly is the width of the sample in the
y-direction and
kF =
√
k2y + (k
τ
x0)
2 = s0(E − τ
√
2). (24)
The total conductance Gt is defined as the sum of the conductance channels in each individual cone
Gτ such as
Gt =
1
3
(
G+ +G− +G0
)
(25)
where the factor 1/3 is required since the total conductance is a contribution of three cones. Whereas,
in the case of AA-stacked bilayer graphene, there are two transmissions channels then the total con-
ductance is the sum of two conductances channels with a factor of 1/2 [30]. In the forthcoming
analysis, we evaluate numerically the conductance in AAA-stacked bilayer graphene. In Figure 7 we
show the three conductance through a single barrier structure (npn junction) in each individual cone
as a function of the energy for V = 3γ and d = 25nm. In Figure 7(a) the conductances are plotted
for δ = 0 while in Figure 7(b) for δ = 2γ. It is important to note that in the case of AAA-stacked
trilayer graphene, in Figure 7(a), we have the three conductances for each individual cone (τ). One of
them (τ = +1) is shifted by
√
2 and the other (τ = −1) by −√2, while the third one (τ = 0) remains
in the center. Then we end up with three Dirac points located at E = V + τ
√
2, with (τ = 0,±1).
For energies smaller than V + τ
√
2, the conductance of the single barrier presents peaks. While for
E > V + τ
√
2, the conductance increases and the peaks are absents. To see the effect of the externally
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induced interlayer potential difference δ, we plot the three conductances as function of the energy in
Figures 7(b). We note that two Dirac points for Gτ=+1 and Gτ=−1 are shifted by γ
′
=
√
δ2 +
(√
2γ
)2
and the other by −γ′ . Moreover, the third Dirac point for Gτ=0 remains in the same position.
Figure 7: Conductances in each individual cone (τ = 0,±1) through npn junction as a function of the
energy, with V = 3γ and d = 25nm. (a): for δ = 0, τ = −1 (red line), τ = 0 (green line) and τ = +1
(blue line). (b): for δ = 2γ, τ = −1 (red dashed), τ = 0 (green line) and τ = +1 (blue dashed).
5 Conclusion
We have investigated the electronic transport properties through np and npn junctions based on the
AAA-stacked trilayer graphene. The Hamiltonian model describing the system under consideration
allowed us to determine the solutions of the energy spectrum. The obtained bands are composed of
three Dirac cones that depend on the cone and chirality indexes. For AAA-stacked trilayer graphene,
we have shown that the transmission in the inter-cone transition (τ −→ −τ processes) is strictly
forbidden due to the orthogonality of electron wave functions, in contrast of the ABA- and ABC-
stacked trilayer graphene cases. In addition, our results showed that there are three transmission
probabilities for each individual cone (τ = 0,±1), one of monolayer-like T 0 and two of AA-stacked
bilayer-like T±. The quasiparticles in AAA-stacked trilayer graphene are not only chiral but also
labeled by an additional cone index τ . It was noticed that τ is a strictly conserved quantity while the
chirality index s is not necessarily conserved during a state transition.
Subsequently, we have numerically investigated the obtained three transmission probabilities for
each individual cone. For np junction with single gate, we have perfect transmission for E = V2 +τ
√
2γ
and for normal incidence φτ −→ 0. In addition, we have found that the three transmissions T τ have
the same form as those found in the case of monolayer graphene. We have shown that there are three
Dirac points located at E = V + τ
√
2γ where τ = 0,±1. Also, we have found that the single and
double gated behavior are a superposition of monolayer-like and bilayer-like systems. These results are
similar to ABA-stacked trilayer graphene for a single gate. However, double gated mixes both types
of bands in the case of ABA-stacked trilayer graphene. Furthermore, we have studied the influence of
the double gated on the three transmission T τ for single barrier structure and shown that it can be
taken into account by a renormalization of the interlayer hopping energy to a new interlayer potential
10
√
2γ −→ γ′ =
√
δ2 +
(√
2γ
)2
.
Based on the obtained results for the transmission probabilities we have found three conductances
channels through npn junction. For δ = 0, that there are three Dirac points located at E = V + τ
√
2
with τ = 0,±1. Also, we have investigated the effect of the interlayer potential difference δ on the
conductance channel in each cone. It was noticed that the two Dirac point for Gτ=+1 and Gτ=−1
are shifted by γ
′
=
√
δ2 +
(√
2γ
)2
and the other by −γ′ . Moreover, the third Dirac point for Gτ=0
remains in the same position. Finally the total conductance is analyzed as the average of the three
conductances channels in each cone.
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